Among the options to control Alabama argillacea (Hübner, 1818) and Heliothis virescens (Fabricius, 1781) on cotton, insecticide spraying and biological control have been extensively used. The GM 'Bt' cotton has been introduced as an extremely viable alternative, but it is yet not known how transgenic plants affect populations of organisms that are interrelated in an agroecosystem. For this reason, it is important to know how the spatial arrangement of pests and beneficial insect are affected, which may call for changes in the methods used for sampling these species. This study was conducted with the goal to investigate the pattern of spatial distribution of eggs of A. argillacea and H. virescens in DeltaOpal TM (non-Bt) and DP90B , 15 evaluations were performed on two plants per plot. The sampling consisted in counting the eggs. The aggregation index (variance/mean ratio, Morisita index and exponent k of the negative binomial distribution) and chi-square fit of the observed and expected values to the theoretical frequency distribution (Poisson, Binomial and Negative Binomial Positive), showed that in both cultivars, the eggs of these species are distributed according to the aggregate distribution model, fitting the pattern of negative binomial distribution.
INTRODUCTION
Alabama argillacea (Hübner, 1818) and Heliothis virescens (Fabricius, 1781) (Lepidoptera, Noctuidae) are important pests of cotton that can cause considerable damage (Peres et al. 2012) . Traditionally, these pests have been controlled with insecticides. Pesticide applications, however, have negative environmental effects, such as killing beneficial organisms and creating insecticideresistant moths. A viable alternative to insecticides is the use of transgenic, as Bacillus thuringiensis Berliner Bt cotton varieties.
Transgenic Bt technology has enabled an effective control of lepidopteran pests of cotton in Brazil and in many other cotton-producing countries. Currently, it is one of the most widespread GMOs in the world (2013), third only to soybean and corn (James 2013) . Besides being effective in pest control, Bt-modified crops are an economically viable alternative toreduce the need for chemical insecticide applications (Baker et al. 2008 , Brookes and Barfoot 2007 , Fitt 2008 . For this reason, these GMOs are also believed to be a more environmentally friendly alternative (Pray et al. 2002, Qaim and Zilberman 2003) when compared with conventional pest control methods. G e n e t i c a l l y m o d i f i e d p l a n t s h a v e revolutionized agriculture by creating crops that are resistant to certain insects (Shelton et al. 2002) . In the case of Bt crops, insect resistance is achieved by incorporating, into the plant's DNA, the gene for toxin production from the bacterium Bacillus thuringiensis Bt (Berliner) (Romeis et al. 2006) . This gene enables the plant to produce the Bt protein, which is toxic to the larvae of many insects. The Bt protein is short-lived and does not linger in the environment. Furthermore, it is not toxic to many non-target insects, or to vertebrates (Glare and O'Callaghan 2000) . Despite these desirable characteristics, however, it is not known with certainty whether the Bt protein of modified cotton affects the populations of several organisms in agroecosystems. For this reason, studies that aim to detect alterations in the spatial distribution of target and non-target insect populations in response to Bt cotton are extremely desirable.
In order to determine the patterns of spatial distribution of a species in a given ecosystem, it is necessary to obtain individual count data, as defined in (Young and Young 1998) . This data can be used to make inferences about the spatial distribution of the sampled population.
Because transgenic plants seem to alter the distribution of insects in the environment, it is important to devise sampling techniques that can be used in these crops. In order to accomplish the latter, however, we first need to understand how insect populations are distributed in the trangenic and non-trangenic crop fields.
The spatial patterns of organisms in the field fall into three patterns: aggregated, uniform, or random (Ricklefs 2003) . Placing the distribution of an organism into one of these three categories can be achieved through dispersion indexes and the theoretical distribution of their frequencies (Barbosa 1992) . Although aggregation and dispersion indexes do not mathematically describe the distribution of the population studied (Elliot 1977), they provide data for an approximation of reality. It is important to note that knowing the distribution of frequencies (which describe mathematically the spatial distribution of the pest) is important to determine the adequate sampling criterion, for decision to control (Ruesink 1980 , Taylor 1984 .
Generally, it is important to know the particularities of the infestations caused by these pests in order to determine suitable management strategies for them, for instance, their type of spatial distribution in the field. It is, thus, necessary to have data to count these pests and to determine their spatial distribution patterns, which define the behavioral patterns of the population.
This study was conducted to compare the patterns of spatial distribution of eggs of A. argillacea and H. virescens between the cotton cultivar DeltaOpal TM (convencional cotton-Cv) and DP90B TM (Bt-cotton). We aimed to contribute to the understanding of the impact of the Bt-technology on the behavior of target adults, particularly with regards to their oviposition behavior.
MATERIALS AND METHODS
desCription of tHe samplinG area The aggregation indices calculated, indicate that the values of the variance/mean ratio were greater than 1 in 15 of the evaluations, conducted in both cultivars (Table I) . Thus, it is observed that the eggs of A. argillacea are laid both individually and in aggregates, in both the Bt and Cv cultivars. However, the average number of eggs found in the Bt cultivar was always very low. When this happens, i.e. when the density of eggs in the field is low, the rate of aggregation may be unreliable. Nevertheless, with the data obtained, it is observed that that eggs of A. argillacea have aggregate distribution in the field, because whenever the average was high enough to perform statistical analyses, the values obtained confirmed this type of spatial distribution. Based on the results of Morisita index, it is obvious that in all the tests, the values were also higher than the unit, allowing us to confirm that the arrangement of the eggs on both crops is aggregate.
Analyzing the K exponent, we found support for the hypothesis that the eggs on the conventional crop have aggregate distribution, because the K values varied between 0 and 7 (Table II) . The same assessment of the Bt cotton field revealed significantly lower K values, between 0 and 1.5, except on the 4th assessment, when a value of 4.2042 was obtained, also indicating an aggregate distribution (Table I) . With one exception, the 5 th sampling, the data pertaining to A. argillacea eggs on the Cv cotton did not fit the Poisson distribution (Table III) . In addition, the first three samples did not achieve sufficient degrees of freedom for us to test their fit to this type of distribution. On the Bt cotton field, data on four of the samplings fit the Poisson distribution. Among the samplings that did not, ten were significant at the 1% level probability using the chi-square. Data on only one sampling in each cultivar, the 13 th Cv sample and the 10 th Bt sample resulted significant at 5% probability.
The tests of the adjustment of the classes obtained for the eggs of A. argillacea fit the negative binomial distribution (Table IV) ns -non-significant at 5% probability, * -significant at 5% probability, ** -significant at 1% probability, i = insufficient of classes, X 2 -value of the calculated chi-square, DF -degree of freedom, nc -number of classes observed at field.
fit the negative binomial distribution. As the values of the chi-square of most samples were not significant for the negative binomial distribution, the spatial distribution found for the eggs of A. argillacea is aggregate.
The chi-square test of adherence to the positive binomial distribution (Table V) showed that adults of this noctuid do not have any tendency to lay eggs in a manner that fits such distribution: of the 15 samples taken from the Cv and Bt varieties, none fit this distribution.
The same spatial distribution patterns of posture described in this paper showed that A. argillacea female, does not distinguish between Bt cotton and non-Bt, due to the proposed differentiation in volatiles produced by plants (Yan et al. 2004) . As reported in a previous study Lima and Torres (2011) the female of A. argilacea presents no preference in laying eggs on Bt and non-Bt cotton.
oviposition of H. virescens
The first evaluation of the Bt and Cv crops (Table I) did not indicate the presence of eggs of H. virescens in the sampled area, which were first found only in the second evaluation. The greatest amount of eggs was found from the 2 nd to the 7 th samplings in both cultivars. In this context, the higher incidence of postures during the first assessments was mainly due to favorable conditions of the host plant during that period. This finding confirms the results obtained by Fernandes et al. (2007) who showed that moths of H. virescens prefer to lay eggs on the upper third part of the plant, where plant structures are newer and are more appropriate to the younger larvae. ns -non-significant at 5% probability, * -significant at 5% probability, ** -significant at 1% probability, i = insufficient of classes, X 2 -value of the calculated chi-square, DF -degree of freedom, nc -number of classes observed at field. TATIANA R. RODRIGUES, MARCOS G. FERNANDES, PAULO E. DEGRANDE and THIAGO A. MOTA
The aggregation indexes for eggs of H. virescens indicate that the values variance/mean were greater than 1 in all 14 evaluations, and the means differing from zero for both the Cv and the Bt varieties (Table I) , in view of the probability of 99% accuracy. However, it appears that, from the 9 th assessment on, very low means were observed, resulting in unreliable conclusions about the levels of aggregation. The Morisita index and the chi-square values for the randomness were also greater than 1, allowing us to confirm the aggregate distribution of this pest in both cultivars. The 4 th sampling carried out in the Bt cultivar and the 12 th sampling carried out in the Cv cultivar were exceptions, with a 95% confidence level. Thus, we expect a greater probability of adjusting the frequencies found in the field to the existing theoretical distributions for this type of spatial arrangement, not discarding the possibility of obtaining a fit to non-aggregated distributions, since some samples resulted in very low averages. It should be noted that these results conform to those observed for the variance/mean ratio. The values of the exponent K were between 0.0459 and 4.5002 (Table I ) in all evaluations of the transgenic crop, indicating an aggregate distribution among-plants for the eggs of this insect. The eggs of this pest also tended to be aggregate on the Cv cultivar, with K values between 0.0194 and 3.3930 (Table I) , but as most values were close to zero, there is a slight tendency to a uniform distribution.
Of the 15 total evaluations, 11 and 12 on the Cv and Bt cultivars, respectively, had sufficient number of classes for the Poisson distributions to be adjusted by Chi-square test (Table III) . However, ns -non-significant at 5% probability, * -significant at 5% probability, ** -significant at 1% probability, i = insufficient of classes, X 2 -value of the calculated chi-square, DF -degree of freedom, nc -number of classes observed at field.
almost all assessments resulted in no adjustment, except for the 4 th sampling of the Bt cultivar. This result, however, may be considered unreliable, because the average number of eggs found on the plants examined was very low. It should also be noted that, as in all other assessments, there was no adjustment to the Poisson distribution, proving that the oviposition of H. virescens is not random on either variety of cotton.
The adjustment tests to the negative binomial distribution (Table IV) show that the distribution of eggs fit to this type of distribution very well, as most samples taken, showed sufficient number of classes for the test to be adjusted: 11 samplings from the cultivar DeltaOpal TM , and 12 samplings from the cultivar DP90B TM . Of those samples, six from the Cv cultivar and 10 from the transgenic cultivar obtained to this distribution.
There were no sufficient degrees of freedom to adjust to the positive binomial distribution, in any of the samples taken (Table V) . Therefore, it was not possible to perform the chi-square test to this pattern of distribution, thus showing that the eggs of this noctuid do not have any tendency for a uniform distribution. Thus, the spatial distribution of eggs of H. virescens was found to be aggregated for both crop varieties. The observed and expected frequencies for the number of eggs in both cultivars only conformed to the negative binomial distribution. Torres and Ruberson (2006) also compared the oviposition behavior of H. virescens between Bt and non-Bt cotton in a commercial area and concluded that there was no significant difference among cultivars with respect to the temporal distribution of eggs.
Given these observations, the spatial distribution of eggs of A. argillacea and H. virescens was found to be aggregated in both cultivars, in agreement with Maruyama et al. (2002) , who stated that the distribution of insects in the field, in general, tends to be aggregate. The observed and expected frequencies for the number of eggs of A. argillacea and H. virescens fit the negative binomial distribution in the vast majority of samples taken.
According to these observations, one can conclude that the spatial distribution of the eggs of A. argillacea on the Bt the cultivar follows the pattern of an aggregate distribution tending to a uniform distribution, being aggregated on the Cv cotton. The spatial distribution of the eggs of H. virescens, on the other hand, is aggregate on both crops. This type of distribution requires a larger number of sampling units than any spatial distribution when accessing the distribution of the eggs of this species. This assessment can be very important, since, according to Pray et al. (2002) , H. virescens is becoming resistant to Bollgard I technology in China. Thus, we suggest that future studies develop sequential sampling plans for eggs of these species in Cv cotton.
It should also be noted that the Bt cultivar did not have a major impact on the spatial distribution of the eggs of H. virescens and A. argillacea, since the same distribution pattern was observed on both cotton varieties. This indicates that transgenic plants do not alter the characteristic oviposition pattern of these insects, which are the target pests of the Bt technology.
Thus, we recommend the application of insecticides that have ovicidal action, whenever necessary, in localized areas of a culture. This decreases the amount of pesticides sprayed in the environment, reducing the risk of human poisoning, and enables the development of natural enemies of pests. In this sense, Metcalf (1980) stated that it is important to provide refuges for the survival of populations of beneficial insects in agro-ecosystems and that localized applications are environmentally preferable in relation to the total area, a practice widely used in IPM programs in several countries as, for example, in China. The same author points out some examples in the literature of cases of biological control of mealybugs in California's Citrus orchards, that have improved due to spraying on alternate lanes, every six months, and spraying on stretches of streets lanes, thus providing refuges for natural enemies.
In conclusion, we did not observe changes in the spatial distribution of posture A. argillacea and H. virescens in two tested cotton cultivars (Bt and non-Bt). Thus, suggest the development of a sequential sampling plan calculated starting from model aggregated spatial distribution (negative binomial), and therefore monitoring for decision making for pest control in question, does not discriminate cotton cultivars, which implies saving time.
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RESUMO
Dentre as opções para o controle de lagartas de Alabama argillacea (Hubner, 1818) e Heliothis virescens (Fabricius, 1781) na cultura algodoeira, aplicações de inseticidas e o controle biológico têm sido amplamente usados. O algodão transgênico 'Bt' tem se inserido como uma alternativa extremamente viável, porem não se sabe com exatidão como as plantas transgênicas afetam as populações de organismos que se inter-relacionam em um agroecossistema. Nesse sentido, é importante saber como a disposição espacial de insetos pragas ou benéficos é afetada, pois pode alterar o método de amostragem dessas espécies na cultura, além de sua forma de controle. Este estudo foi conduzido buscando investigar o padrão da distribuição espacial de ovos de A. argillacea e de H. virescens em cultivar DeltaOpalR (convencional) e DP90BR (algodão-Bt Palavras-chave: Curuquerê-do-algodoeiro, Gossypium hirsutum, Lagarta-das-macas, OGM.
